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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an embedded 
array or a standard cell which incorporates a flash 
EEPROM that can deal with a request of a client without 
changing a design method or manufacturing process 
even if the request is the one that exceeds the time of 
rewriting which a standard process can guarantee. 
SOLUTION: Flash EEPROMs 11-1 to 11-3 of the 
number corresponding to the necessary number of 
rewriting times are proportionally mounted, all terminals 
except an input terminal of a chip enable signal are 
provided to counters 13-1 to 13-3 corresponding to these 
flash EEPROMs, and the number of erasure times is 
counted respectively. Then, when a counting value of the 
counter exceeds the number of rewriting guarantee 
times, a control circuit 12 selects another flash EEPROM and successively makes it enable 
state. Since plural flash EEPROMs are switched and accessed, it is possible to guarantee the 
number of rewriting times corresponding to a demand of a client even when they are 
manufactured by a standard process. 
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, [Scope of Claims for Patent] 
[Claim l] 

, A semiconductor device capable of constructing circuit 

structure of combined functional blocks each having its 

i 

functions registered in a library in advance, the semiconductor 
device comprising a plurality of flash EE P ROMs which have their 
respective input terminals but chip enable signal input 
terminals connected in parallel, counters respectively 
counting the number of erasure respective flash EEPROMs, and 
a control circuit supplying control signals to the chip enable 
signal input terminals of the flash EEPROMs to enable and 
disable them under control; the number of the flash EEPROMs 
being that which is sufficient for so many of the flash EEPROMs 
together to guarantee the desired rewriting attained by 
fulfilling individual rewriting quotas so that the total of the 
individually guaranteed numbers of times of rewriting amounts 
to the desired guaranteed number of rewriting times; the 
counters being respectively comprised of EEPROM cells which 
serve to increment and overwrite the number stored therein each 
time the corresponding flash EEPROMs have their stored contents 
erased; and as the individually guaranteed number of rewriting 
times of rewriting is exceeded by the count number at the counter 
dedicated to the currently accessible flash EEPROM which has 
been enabled by the control circuit, the currently accessible 
flash EEPROM being disabled , and instead, another flash EEPROM 
being selectively enabled to cause the dedicates counter to 
start counting, so that the currently accessible EEPROM can be 
continually switched to another by selectively enabling it, 
(Claim 2] 

A semiconductor device according to Claim 1 further 
comprising an alarm means which gives an externally perceivable 
notice when the count number at the counter dedicated to the 
flash EEPROM most recently enabled exceeds the number of 
rewriting times of rewriting. 
[Claim 3) 

A semiconductor device according to Claim 1 further 
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comprising an alarm means which gives an externally perceivable 
inotice when the count number at any of the counters exceeds 
.the individually guaranteed number of rewriting times of 
rewriting. 

i 

• [claim 4] 

A semiconductor device according to any of Claims 1 to 

3 , wherein when the count number at any of the counters reaches 

• a predetermined number of erasure for testing, the control 
circuit disables the flash EE PROM in relation with the counter, 
and selectively enables another flash EEPROM to cause the 
dedicated counter to start counting, so that the currently 
accessible EEPROM can be continually switched to another by 
selectively enabling it. 

. [Claim 5] 

A semiconductor device according to any of Claims 1 to 

4. wherein said each of the counters includes a plurality of 
counting units each serving to count to the number less than 
the individually guaranteed number of rewriting times of 
rewriting, and the plurality of counting units counting the 
guaranteed number of rewriting of the flash EEPROM by totaling 
the individual counting quotas of the counting units. 

(54) [Title of the Invention] Semiconductor Device 
[Detailed Description of the Invention] 
CO 0 0 1] 
[Field of the Invention] 
The present invention relates to a semiconductor device 
such as a flash EEPROM built-in embedded array or standard cells, 
or the like. 
[0 0 0 2] 
[Prior Art] 

A f lash EEPROM can be rewritable only by a restricted number 
of rewriting times depending upon its manufacturing process and 
ends its life after being rewritten the roughly predetermined 
number of rewriting times. Final products such a flash EEPROM 
is built in are of a variety of uses, and accordingly, various 
consumers have their own demands on how many times the EEPROM 
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[ could be rewritten* For an embedded array or standard cells 
. Of which requirement is being able to be fabricated in a single 
.standardized manufacturing process, a large scale technical 
strategy covering development of the modified product series 
through modified design method and manufacturing process is 
needed in order to reach the level as commercially desired or 
even higher in terms of the rewriting of the built-in EEPROM 
guaranteed by the standardized manufacturing process. This 
strategy might encounter problems of a procrastinated delivery 
time from the factory and an increased price without exhibiting 
benefits of them that they inherently enable manufacturing a 
I variety of kinds of semiconductor devices in a shorter term at 
a reduced cost 
[0 0 0 3] 

[Disadvantages That Are to Be Overcome] 
As described above, the prior art semiconductor device such 
as the flash EEPROM built-in embedded array or standard cells 
.must be fabricated by a modified design method and/or a modified 
manufacturing process to meet or even exceed the requirement 
of the rewriting of the EEPROM guaranteed by the standardized 
manufacturing process, and this disadvantageously results in 
a procrastinated delivery time from the factory and an increased 
price . 

[0 0 0 4] 

The present invention is made in view of the aforementioned 
circumstances, and accordingly, it is an object of the present 
invention to provide a semiconductor device such as a flash 
EEPROM built-in embedded array or standard cells, or the like 
that is able to ensure its rewriting, or the number of rewriting 
times by which the built-in EEPROM can be rewritten, as many 
as desired by consumers or even higher than that which is 
guaranteed by the standardized process, without modifying the 
design method and/or the manufacturing process * 
[0 0 0 5] 
[Solutions to Attain the Object] 
A semiconductor device as defined in Claim 1 has a 
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.multistage circuit structure of combined functional blocks each 
of which are registered in a library in advance. Such a 
semiconductor device is comprised of a plurality of flash 
EEPROMs which have their respective input terminals but chip 
enable signal input terminals connected in parallel , counters 
dedicated to the flash EEPROMs. respectively, to count the 
number of rewriting times by which the flash EEPROMs have their 
respective stored contents erased, and a control circuit 
producing control signals to the chip enable signal input 
terminals of the flash EEPROMs to enable and disable them under 
control. The number of the flash EEPROMs may be modified to 
any that which is sufficient for so many of the flash EEPROMs 
together to guarantee the desired rewriting attained by 
fulfilling Individual rewriting quotas so that the total of the 
individually guaranteed numbers of times of rewriting amounts 
to the desired guaranteed number of rewriting times* The 
counters are respectively comprised of EEPROM cells which serve 
to increment and overwrite the number stored therein each time 
the corresponding flash EEPROMs have their stored contents 
erased. As the individually guaranteed number of rewriting 
times of rewriting is exceeded by the count number at the counter 
dedicated to the accessible flash EEPROM which has been enabled 
by the control circuit, the currently accessible flash EEPROM 
is disabled, and instead, another flash EEPROM is selectively 
enabled to cause the dedicated counter to start counting. The 
currently accessible EEPROM can be continually switched to 
another by selectively enabling it . 
tO 0 0 6] 

As defined in Claim 2, the semiconductor device according 
to Claim 1 further comprises an alarm means which gives an 
externally perceivable notice when the individually guaranteed 
number of rewriting times of rewriting is exceeded by the count 
number at the counter dedicated to the accessible flash EEPROM 
most recently enabled and adapted to serve the last in the 
multistage circuit structure, 

CO 0 0 7] 
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As defined in Claim 3 , the semiconductor device according 
to Claim 1 further comprises an alarm means which gives an 
externally perceivable notice when the individually guaranteed 
number of rewriting times of rewriting is exceeded by the count 
number at any of the counters. 

[0 0 0 8] 

As defined in Claim 4, the semiconductor device according 
to any of Claims 1 to 3 is characterized in that when a 
predetermined reference rewriting for the purpose of a test is 
exceeded by the count number at any of the counters , the control 
circuit disables the flash EEPROM in relation with the counter, 
and selectively enables another flash EE PROM to cause the 
dedicated counter to start counting- The currently accessible 
EE PROM can be continually switched to another by selectively 
enabling it - 

[0 0 0 93 

As defined in Claim 5, the semiconductor device according 
to any of Claims 1 to 4 is characterized in that each of the 
counters is divided in counting units each serving to count to 
the number of some quota less than the individually guaranteed 
number of rewriting times of rewriting, and so many a number 
of counting units together ensure the guaranteed rewriting of 
the flash EE PROM by fulfilling individual counting quotas so 
that the total of them amounts to the desired guaranteed number 
of rewriting times . 

[0 0 10] 

Configured as defined in Claim 1 , the currently accessible 
flash EEPROM is, after it is rewritten by its guaranteed number 
of rewriting times, switched to another flash EEPROM, and the 
newly enabled flash EEPROM is accessible by its guaranteed 
number of rewriting times, which permits sequential accesses 
to the flash EEPROMs built in the semiconductor device. The 
eventual number of rewriting times of the semiconductor device 
can be easily raised or reduced by changing the number of the 
flash EEPROMs built therein, and thus , the semiconductor device 
is able to ensure its rewriting as many as desired by consumers 
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or even much higher than that which is guaranteed by the 
jstandardized process, without modifying the design method 
.and/or the manufacturing process. 
[0 0 113 

With the alarm means as defined in Claim 2, the 
semiconductor device can give an externally perceptible notice 
that it has already be rewritten over the guaranteed number of 
rewriting times, and therefore, replacement of the 
semiconductor device can be predicted in time to be helpful to 
support the required maintenance in future. This is useful to 
assuredly keep data on the current condition of the device, and 
thus, the enhanced reliability is attained. 

[0 0 12] 

With the alarm means as defined in Claim 3, the 
semiconductor device can give an externally perceptible notice 
that each of the flash EEFROMs has already been rewritten over 
the ensured number of rewriting times, and therefore the life 
time of the semiconductor device can be more precisely predicted 
to be helpful to support the required maintenance in future such 
a device replacement. This is useful to assuredly keep data 
on the current condition of the device, and thus , the enhanced 
reliability is attained. 
[0 0 13] 

As defined in Claim 4 , since the plurality of flash EEPROMs 
is sequentially accessed to carry out test of the semiconductor 
device, the test is carried out as simply as if the 
semiconductor device having only one flash EEPROM built in, and 
troubles such as initial malfunction can be prevented, 

[0 0 14] 

As defined in Claim 5, since the guaranteed number of 
rewriting times is counted by a plurality of counting units, 
this advantageously prevents a deterioration of the reliability 
of more frequently rewritten flash EEPROM cells which are used 
for the lower bits of the counter. 
[0 0 15] 
[Embodiments of the Invention] 
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Embodiments of the present invention will now be described. 
Fig. 1 illustrates an exemplary semiconductor device according 
to the present invention, showing major portions extracted from 
a flash EE PROM built-in embedded array (or similar standard 
cells) and its peripheral circuit. The semiconductor device 
has a circuit structure of combined functional blocks each of 
which has its own functions registered in a library in advance. 
In this embodiment, flash EEPROMs manufactured through the 
standardized process and giving a guarantee of 100,000 times 
rewriting are incorporated in combination to ensure 300,000 
times rewriting s . 

[0 0 16] 

Three of the flash EEPROMs 11-1 to 11-3 (or three of 
similarly featured cell blocks in the single flash EE PROM) , 
which can be fabricated through the standardized manufacturing 
process and respectively guarantee the number of rewriting of 
100,000 times, have all of their respective input terminals but 
chip enable signal input terminals connected in parallel and 
receive at their respective chip enable signal input terminals 
control signal CS1 , CS2 and CS3 from a control circuit 12 to 
switch themselves between enabled and disabled states under 
control. Specifically, the control circuit 12 first enables 
the first-stage flash EE PROM 11-1 while turning the second- and 
third-stage flash EEPROMs 11-2 and 11-3 to disabled, and 
eventually after the first-stage flash EE PROM 11-1 is rewritten 
more than 100,000 times , it disables the f iret-etage EEPROM 11-1 
and instead enables the second-stage EEPROM 11-2 to make it 
accessible. Similarly, after the second-stage flash EEPROM 
11-2 is rewritten more than 100.000 times, the control circuit 
12 functions to disable the second-stage flash EEPROM 11-2 while 
enabling the third-stage flash EEPROM 11-3 to make it 
accessible . 
[0 0 17] 

The flash EEPROMs 11-1 to 11-3 nave their respective EEPROM 
cell incorporated counters 13-1 to 13-3, which serve 
respectively to sequentially take a count each time the 
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.corresponding flash EEPHOMs 11-1 to 11-3 (or the corresponding 
icell blocks in the single flash EEPROM) have their stored 
contents erased. The control circuit 12 is comprised of 
inverters 14 to 20, AND gates 21 to 26, and OR gates 27 to 29- 
A test mode signal TS is received at an input terminal of the 
inverter 14 and one of input terminals of the AND gate 22. The 
.inverter 14 has its output terminal connected to one of input 
terminals of the AND gate 21 while the AND gate 21 has its output 
terminal connected to one of input terminals of the OR gate 27. 
The OR gate 27 has the other input terminal connected to an output 
terminal of the AND gate 22 and its output terminal connected 
to an input terminal la of the flash EEPROM 11-1 to transfer 
,a chip enable signal. A terminal lb in relation with a first 
count reference value CI 000 for 1,000 times) at the counter 13-1 
is connected to an input terminal of the inverter 15 and a first 
input terminal of the AND gate 24, respectively, and a terminal 
lc in relation with a second count reference value (100000 for 
100,000 times) at the same counter is connected to an input: 
terminal of the inverter 16 and a first input terminal of the 
AND gate 23, respectively- The inverters 15 and 16 have their 
respective output terminals connected to the other input 
terminals of the AND gates 22 and 21, respectively. 
[0 0 18] 

Also, the test mode signal TS is transferred to an input 
terminal of the inverter 17 and a second input terminal of the 
AND gate 24 and also to an input terminal of the AND gate 20 
and one of input terminals of the AND gate 26. The inverter 
17 has its output terminal connected to a second input terminal 
of the AND gate 23, and the AND gate 23 has its output terminal 
connected to one of input terminals of the OR gate 28. The OR 
.gate 2B has the other input terminal connected to an output 
terminal of the AND gate 24 and its output terminal connected 
to an input terminal 2a of the flash EEPROM 11-2 to transfer 
the chip enable signal . A terminal 2b in relation with the first 
count reference value (1000) at the counter 13-2 is connected 
to an input terminal of the inverter 16 and the other input 
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terminal of the AND gate 26 while a terminal 2c in relation with 
the second count reference value (100000) is connected to an 
input terminal o£ the inverter 19 and the other input terminal 
of the AND gate 25. The inverters 18 and 19 have their 
respective output terminals connected to third input terminals 
of the AND gates 24 and 23, respectively. 
[0 0 19] 

The AND gates 25 and 26 have their respective output 
terminals connected to input terminals of the OR gates 29, 
respectively, and the OR gate 2 9 has its output terminal 
connected to an input terminal 3a of the flash EE PROM 11-3 to 
transfer the chip enable signal . A terminal 3b in relation with 
the first count reference value (1000) at the counter 13-3 is 
connected to a light emitting diode (LED) 30-1 alarming to give 
an externally visible notice that the test is completed, and 
a terminal 3c in relation with the second count reference value 
(100000) is connected to an led 30-2 alarming to give another 
externally visible notice that a newly counted value has 
exceeded the guaranteed number of rewriting times of the 
rewriting. Resistances 31-1 and 31-2 are interposed between 
the LEDs 30-1 and 30-2 and the ground, respectively, to protect 
the LEDs. 

[0 0 2 01 

An exemplary operation in the circuit configuration as 
mentioned above will be detailed below. For a delivery test 
right before the dispatch from the factory, first the test mode 
signal TS is raised to a level f l*. Since any of the flash 
EEPROMs 11-1 to 11-3 has not been subjected to the writing nor 
the erasing, all the counters 13-1 to 13-3 have their respective 
count values set to '0' while the inverters 15, 16, 18 and 19 
respectively produce output signals of the level 'l r . This 
permits the AND gate 21 to produce an output signal of the level 
'0' and the AND gate 22 to produce an output signal of the level 
•1*„ so that the OR gate 27 generates the control signal CS1 
of the level ' 1 f to enable the flash EEPROM 11-1* Turning the 
test mode signal TS to the raised level '1', the inverter 17 
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also produces an output signal of the level "0 • while the counter 

4.3-1 also produces an output signal of the level 1 O' » and thi*? 
causes both the AND gates 23 and 24 to generate an output signal 
of the level 1 0 1 . As a consequence, the OR gate 28 generates 
the control signal CS2 of the level ' 0 • to disable the flash 
EE PROM 11-2. Meanwhile, the test mode signal TS turning to the 
level 'l r permits the inverter 20 to produce an output signal 
'of the level » 0 1 , and this also causes the AND gate 25 to produce 
an output signal of the level '0'. Since the counter 13-2 
produces a signal of the level f 0 ■ . an output from the AND gate 
26 is turned to the level 1 0' , which results in the OR gate 29 
producing the control signal CS3 of the level f 0' to also disable 
the flash EEPROM 11-3. 
[0 0 2 1] 

After that, each time the flash EEPROM 11-1 or the cell 
block has its contents erased, the value at the counter 13-1 
is incremented by one to turn the terminal lb in relation with 
the count reference number 1000 to the level '1' / which causes 
the inverter 15 to produce an output signal of the level f 0' „ 
which, in turn, causes both the AND gate 22 and the OR gate 2 7 
to generate an output signal of the level ' 0 f to eventually 
disable the flash EEPROM 11-1. Meanwhile, since the output of 
the level 1 1 1 from the counter 13-1 turns all the first to third 
input terminals of the AND gate 24 to the level f l', the AND 
gate 24 produces the level * 1 ■ signal while the OR gate 28 
produces the control signal CS2 of the level 1 1 ' , and this 
enables the flash EEPROM 11-2, 

[0 0 2 2] 

When the flash EEPROM 11-2 undergoes the 1000th erasing, 
both the output signal from the AND gate 2 4 and the control signal 
CS2 from the OR gate 28 are turned to the level '0', and this 
disables the flash EEPROM 11-2. Meanwhile, the output signal 
from the AND gate 26 and the control signal CS3 from the OR gate 
29 are turned to the level ' 1' . and this enables the third-stage 
flash EEPROM 11-3, When the erasing is repeated 1000 times 
during the test, the counter 13-3 produces a signal to light 
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•the LED 30-1 « This permits a visual confirmation that the flash 
EEPROMs 11-1 to 11-3 have respectively been subjected to the 
erasing 1000 times without troubles- When the tested product 
is delivered from the factory, all the test signal (TS) input 
terminals are kept grounded. 
[0 0 2 3] 

After the tested product of the semiconductor device is 
distributed to a user and is currently in use, the repetitive 
erasing operation still leaves the value 100000 related 
terminal lc of the counter 13-1 at the level ' 0' till it reaches 
the 100,000th, and hence, both the outputs from the inverter 
16 and 14 keep the level ' I' , which continues to turn the output 
signal from the AND gate 21 and the control signal CS1 from the 
OR gate 27 to the level ' 1 ? to eventually enable the flash EEPROM 
11-1. In this situation, each time the flash EEPROM undergoes 
the erasing, the value at the counter 13-1 is incremented by 
one. Meanwhile, the output signals from the AND gates 23 and 
24 and the control signal CS2 from the OR gate 28 also continue 
to be of the level '0* to eventually disable the flash eeprom 
11-2. Similarly, the output signals from the AND gates 25 and 
26 and the control signal CS3 from the OR gate 29 continue to 
be of the level 1 0 1 to eventually disable the flash EEPROM 11-3. 

[0 0 2 4] 

As the repetitive erasing operation causes the counter 13-1 
to increment its value beyond 100000, the corresponding 
terminal lc of the counter 13-1 is turned to the level ' I 1 to 
cause the inverter 16 to produce the output signal of the level 
■0', which results in the AND gate 21 producing the output Of 
the level '0'. Concurrently, since the AND gate 22 also 
produces the output of the level 1 0 ? , the control signal CS1 
from the OR gate 27 is turned to the level '0' to eventually 
disable the flash EEPROM 11-1. Meanwhile, since the AND gate 
23 generates the output of the level ' 1 T , the control Signal 
CS2 from the OR gate 28 is turned to the level *1' to eventually 
enable the flash EEPROM 11-2. In this way, the subsequent 
accesses could be completely to the flash EEPROM 11-2 alone. 
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Concurrently, both the AND gates 25 and 26 continue to produce 
the outputs of the level '0\ which turns the control signal 
CS3 from the OR gate 29 to the level ' 0 ' to continuously disable 
the flash EE PROM 11-3. 
[0 0 2 5] 

As the flash EEPROM 11-2 is repeatedly accessed and the 
repetitive erasing operation causes the counter 13-2 to 
increment its value up to more than 100000, the corresponding 
terminal 2c of the counter 13-2 is turned to the level ' l 1 , which 
results in the inverter 19 producing the output of the level 
f 0' to cause the AND gate 23 to produce the output of the level 
■ 0' . Meanwhile, since the AND gate 24 continues to produce the 
output of the level ' O f , the control signal CS2 from the OR gate 
2S is turned to the level 1 0' to eventually disable the flash 
EEPROM 11-2. Concurrently, the output from the AND gate 25 is 
turned to the level '1', and this turns the control signal CS3 
from the OR gate 29 to the level *1' to eventually enable the 
flash EEPROM 11-3- Because of this, the subsequent accesses 
could be to the flash EEPROM 11-3 alone. 

[0 0 2 6] 

After the counter 13-3 increment its value 100,000 times, 
the corresponding terminal 3c of the counter 13-3 transmits a 
signal to light the LED 30-2 to give a visually conformable 
notice that the flash EEPROM© 11-1 to 11-3 have respectively 
undergone the erasing 100,000 t±mes (300,000 times in total) - 

[0 0 2 73 

Even after this, the last-stage flash EEPROM 11-3 is 
continually accessible till it ends its life due to breakdown. 
Configured in this way, the accessible flash EEPROM (cell block) 
is switched among the EEPROMs (cell blocks) 11-1 to 11-3 
succeedlngly after the 100,000th rewriting on each of them, and 
yet finally the total number of rewriting times of the rewriting 
could exceed 300,000. In this way, the multi flash EEPROM 
built-in embedded array or standard cells is able to ensure its 
rewriting, or the number of rewriting times by which the 
built-in EEPROMs can be rewritten, as many as desired by 
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consumers or even higher than that which is guaranteed by the 
standardized process, without modifying the design method 
and/or the manufacturing process. 
[0 0 2 8] 

In addition to the aforementioned benefits, variations of 
the invisible feature of the guaranteed rewriting or the 
guaranteed number of rewriting times by which the built-in 
EEPROMs can be rewritten are embodied in various dimensions of 
the chip which decisively influence the price of the final 
product, and this makes the price estimation easier. A record 
of the rewriting is stored in the chip, and therefore, upon 
malfunctions after the trade contract is made between a customer 
and a vender, it is much more clarified who is responsible for 
such malfunctions • 

[0 0 2 9] 

Pig. 2 is a flow chart illustrating the operations of the 
counters 13-1 to 13-3 in the circuit in Fig. 1. The counters 
13-1 to 13-3 are respectively comprised of flash EEPROW cells, 
occupying part of regions in cell arrays of the flash EEPROMs 
11-1 to 11-3 r and they may exist in regions other than the cell 
arrays. In this case, in order to enhance the reliability of 
each of the counters 13-1 to 13-3, each counter is designed to 
have two counting units each of which is capable of incrementing 
its value 50,000 times, where the first of the counting units, 
after the 50, 000th counting, is succeeded by the second counting 
unit so as to count up to 100,000 in total. 

[0 0 3 0] 

When the flash EE PROM or the cell block in the flash EE PROM 
has its contents erased, the value incremented by the first 
counting unit of the related counter is read and matched with 
a count reference number of 50000 for 50,000 times of counting 
(Step 1), and if the value is less than 50000, a subroutine is 
executed to let the first counting unit continue to count. If 
it reaches 50000, another subroutine is executed to let the 
second counting unit to start counting . 

[0 0 3 1] 
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When the value is less than 50000, the current value at 
the first counting unit of the involved counter is read and 
temporarily stored (Step 2). and thereafter, the count number 
is erased from the first counting unit (Step 3) - It is checked 
if the count number is completely erased from the first counting 
unit (Step 4), and if the erasing is insufficient, the erasing 
at Step 3 is resumed- If the erasing is full and sufficient, 
the temporarily stored value is incremented by one (+1), and 
the resultant value is overwritten in the first counting unit 
(Step 5). After that, the count number at the first counting 
unit is read out to confirm if the count number has been 
incremented by one (Step 6), and if the incrementing is 
incomplete, the overwriting at Step 5 is carried out again. If 
it is confirmed that the overwriting is sufficient, the routine 
is terminated . 

[0 0 3 23 

If the count number reaches 50000 at Step 1, the second 
counting unit sube titut ionally starts counting. After Steps 
7 to 11 similar to those with the first counting unit are repeated, 
the current count number at the second counting unit (Step 12) 
is checked, and if the most recently incremented value at the 
second counting unit is still less than 50000 (i.e.. if the 
current value of the counter does not reach 100000 in total), 
the routine is terminated. If it reaches 5O00O, the only 
accessible flash EE PROM is switched from the current EEPROM to 
another, or otherwise, the terminal 3c is turned to the level 
1 1 1 to light the LED 30-2 (Step 13) . As can be recognized, when 
the counter 13-1 for the first-stage flash EEPROM 11-1 satisfies 
the conditions of Step 13, the first-stage EEPROM 11-1 is 
disabled while the second-stage flash EEPROM 11-2 is enabled. 
When the counter 13-2 for the second- stage flash EEPROM meets 
the conditions, the second- stage flash EEPROM 11-2 is disabled 
while the third- stage flash EEPROM 11-3 is enabled. Moreover, 
as with the counter 13-3 for the third-stage flash EEPROM 11-3, 
-the LED 30-2 is lit up. 
CO 0 3 33 
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As has been described, the counters 13-1 to 13-3 are 
respectively include the first and second counting units, and 
a sequence where 50,000 times of the counting by the first 
counting unit is succeeded by additional 50,000 times of the 
counting by the second counting unit works well to fully ensure 
the reliability of more frequently rewritten flash EE PROM cells 
used for the lower bits. 

CO 0 3 4] 

Described so far is an example where more than one 100,000 
times rewritable flash EEPROMs are incorporated in combination 
to guarantee the rewriting of 300 , 000 times . and the number of 
the flash EEPROMs may be modified, without doubt , to any that 
which is sufficient for so many of the flash EEPROMs together 
to guarantee the desired rewriting attainable by fulfilling 
individual rewriting quotas so that the total of the 
individually guaranteed numbers of times of rewriting amounts 
to the desired guaranteed number of rewriting times, 

[0 0 3 53 

Although, in the aforementioned embodiment, the count 
number at the counter 13-3 for the last-stage flash EE PROM 11-3 
is externally transferred, and the LEDs 30-1 and 30-2 alarm to 
give an externally visible notice that the test is completed 
without troubles or that the count number exceeds the guaranteed 
number of rewriting times of rewriting, other types of the 
alarming means may be substituted . Also, alternatively, all 
the counters 13-1 to 13-3 may externally transfer and report 
their respective count numbers, so that the life time of the 
semiconductor device can be more precisely predicted to be 
helpful to support the required maintenance in future such as 
a device replacement- This is useful to assuredly keep data 
on the current condition of the device, and thus, the enhanced 
reliability is attained. 

[0 0 3 6] 
[Effects of the Invention] 

As mentioned above, in accordance with the present 
invention, provided is a semiconductor device, such as a multi 
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flash EEPROM built-in embedded array or standard cells, which 
is able to ensure its rewriting, or the number of rewriting times 
by which the built-in EEPROMs can be rewritten, as many as 
desired by consumers or even higher than that which is 
guaranteed by the standardized process, without modifying the 
design method and/or the manufacturing process. 
[Brief Description of the Drawings] 

[Figure l] A circuit diagram illustrating an embodiment of 
a semiconductor device according to the present invention, 
showing major portions extracted from a flash EEPROM built-in 
embedded array (or similar standard cells) and its peripheral 
circuit. 

[Figure 2] A flow chart illustrating operations of counters 
in the circuit in Fig . 1 . 
[Descriptions of Reference Alphanumerical Symbols] 

11-1 ~ll-3 Flash EEPROMs 
12 Control Circuit 

13-l~13-3 Counters 
14~20 Inverters 
21-—26 AND Gates 

27 — 29 OR Gates 

30- 1 and 30-2 LEDs 

31- 1 and 31-2 LED Protecting Resistances 
TS Test Signals 

.CS1-—CS3 Control Signals 
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( 57 ) [Abstract] 

.[Object of the Invention] 

The present invention provides a flash EEPROM built-in 
embedded array or standard cells which is able to ensure its 
rewriting exceeding the number higher than that which is 
guaranteed by the standardized process, as demanded by 
consumers, without modifying the design method and/or the 
manufacturing process. 
', [Solution] 

Number of EEPROMs (11-1 to 11-3) as required to attain the 
desired number of rewriting are built-in a device in some 
proportional correlation with one another, and their respective 
input terminals but chip enable signal input terminals 
connected in parallel with one another. Counters (13-1 to 13-3) 
respectively dedicated to those flash EEPROMs are provided to 
count the number of rewriting times by which the EEPROMs have 
.their contents erased, respectively. It is a conspicuous 
feature that when a value incremented by the counter exceeds 
ithe guaranteed number of rewriting times of rewriting, a control 
circuit (12) selects and enables a currently accessible flash 
EEPROM continually among them. Since the currently accessible 
flash EEPROM is switched from one to another, the flash EEPROM 
ibuilt-in semiconductor device, although fabricated through the 
.standardized process, guarantees the rewriting as many times 
'as desired by consumers . 



18 



FIGURE 1 

11-1 FLASH EE PROM 
11-2 FLASH EEPROM 
11-3 FLASH EEPROM 
13-1 COUNTER 
13-2 COUNTER 
13-3 COUNTER 

FIGURE 2 

START THE ROUTINE 

STEP 1 THE 1ST COUNTING UNIT CONTED 50000 
NO 

STEP 2 TEMPORARILY STORE THE VALUE READ FROM THE 1ST COUNTING 
UNIT 

STEP 3 ERASE THE VALUE OF THE 1ST COUNTING UNIT 

STEP 4 HAS THE VALUE OF THE 1ST COUNTING UNIT ERASED? 

STEP 5 OVERWRITE +1 INCREMENTED VALUE IN THE 1ST COUNTING UNIT 

STEP 6 VALUE AT THE 1ST COUNTING UNIT INCREMENTED BY ONE? 

END THE ROUTINE 

YES 

STEP 7 TEMPORARILY STORE THE VALUE READ FROM THE 2ND COUNTING 
UNIT 

STEP 8 ERASE THE VALUE OF THE 2ND COUNTING UNIT 

STEP 9 HAS THE VALUE OF THE 2ND COUNTING UNIT ERASED? 

STEP 10 OVERWRITE +1 INCREMENTED VALUE INT EH SECOND COUNDING 

UNIT 

STEP 11 VALUE AT THE 2ND CONTING UNIT INCREMENTED BY ONE? 
STEP 12 HAS 2ND COUNTING UNIT COUNTED 50000? 

STEP 13 SWITCH THE CURRENTLY ACCESSIBLE FLASH EEPROM OR LED PUT 
ON 

END THE ROUTINE 
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END THE ROUTINE 
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